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PREFACE

This effort was conducted under Work Unit 1123-B1-01, Pilot Selection and Classification
Support, which is dedicated to research into the selection and classification of United States Air
Force aircrew personnel. This paper was published previously as Carretta, T. R., & Ree, M. J.
(1996), titled Factor structure of the Air Force Officer Qualifying Test: Analysis and comparison,
in Military Psychology, 8, 29-42.

iv



FACTOR STRUCTURE OF THE AIR FORCE OFFICER QUALIFYING
TEST: ANALYSIS AND COMPARISON

INTRODUCTION

The Air Force Officer Qualifying Test (AFOQT) is used for the commissioning and
classification of United States Air Force officers through the Reserve Officer Training Corps
(ROTC) and Officer Training School (OTS). The AFOQT is also used to qualify applicants who
pass other physical and educational requirements for pilot and navigator training. It has been
validated for more than three dozen other officer jobs.

For operational use, the Air Force aggregates the 16 tests into five distinct but overlapping
composites (see Table 1). As their names suggest, the Pilot and Navigator-Technical composites
are used to qualify applicants for pilot and navigator training while the Academic Aptitude,
Verbal, and Quantitative composites are used to select applicants into ROTC and OTS
commissioning programs.

The AFOQT has been validated for the selection of pilots and navigators (Arth, Steuck,
Sorrentino, & Burke, 1990; Carretta, 1992; Carretta & Ree, 1994a; Koonce, 1982; Olea & Ree,
1994 ), and other officer jobs (Arth, 1986; Arth & Skinner, 1986; Finegold & Rogers, 1985).
For pilot and navigator training, prediction criteria included passing/failing training, average
flying performance rankings, composites of specific check ride performances, and day and night
celestial navigational tasks.

For eight non-flying officer jobs, Arth and Skinner (1986) demonstrated that the Academic
Aptitude composite, a highly g-saturated measure, was valid (average uncorrected r = .31) for
predicting final technical training grades. Similarly, Finegold and Rogers (1985) demonstrated
the validity of all the AFOQT composites for predicting technical training grades, course
completion, and course rank for Air Weapons Controllers (r ranged from .19 to .39). Arth (1986)
demonstrated the validity of all the composites for predicting final technical school grades in
almost all of 37 officer technical training schools investigated.

Olea and Ree (1994) have shown that the major source of validity for the AF OQT comes
from its measurement of g. They also have shown that the incremental validity of the AFOQT
tests beyond g was about .02 (.462 versus .482 for the summed composite criterion) for
navigators across five individual training criteria and a summed composite of the five training
criteria. The incremental validity of the non-g portions of the AFOQT for predicting pilot
training success was about .08 (.314 versus .398 for the summed composite criterion). Most of
this increment was due to tests measuring specific job knowledge (Hunter, 1983) about aircraft,
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flying, and flight instruments. For a historical review on the role of g in military pilot selection,
seé Ree and Carretta (1996).

Skinner and Ree (1987) conducted exploratory factor analyses of the AFOQT on a sample of
3,000 Air Force officer commissioning applicants and described a five-factor solution: verbal,
math, spatial, aircrew interest/aptitude, and perceptual speed. They used a principal factors
analysis with communalities in the principal diagonal and Kaiser-Harris Type II oblique rotation.
The factors all correlated positively with an average correlation of .36 and a range of .22 to .50.

Earles and Ree (1991), noting an average test intercorrelation of .43 in the Skinner and Ree
(1987) data (with a range of .17 to .77) and the positive manifold of the factor correlations,
extracted a hierarchical estimate of g using several sets of lower-order factors. Like Skinner and
Ree (1987), they did not confirm the fit of the model through confirmatory factor analysis. For an
annotated bibliography of studies on the AFOQT, see Cowan and Sperl (1989).

The Air Force also uses the Armed Services Vocational Aptitude Battery (ASVAB) to assess
applicants for enlisted jobs. The structure of the ASVAB includes verbal/math, speed, and
technical knowledge lower-order factors with g in a hierarchical position (Ree & Carretta, 1994).
In the ASVAB, g accounts for 64% of the total variance. The lower-order factors account for
16% of the total variance as follows: speed, 6%, verbal/math, 2%, and technical knowledge, 8%.

The ASVAB's reliability and validity has been established for numerous criteria including
training success (Earles & Ree, 1992), job performance work samples (Ree, Earles, & Teachout,
1994; Teachout & Pellum, 1991), and supervisory ratings of job performance, job knowledge
tests, and work samples (McHenry, Hough, Toquam, Hanson, & Ashworth , 1990). The major
source of validity for the ASVAB comes from its measurement of g. Ree and Earles (1991) and
Ree, Earles, and Teachout (1994) have shown that the non-g portions of ASVAB increment
validity correlations by only a small amount, about .02, regardless of the criterion.

The non-g portions of ASVAB include measures of technical knowledge, which provide
almost all of the incremental validity (see Hunter, 1983; Ree & Earles, 1991). In a meta-analytic
path analysis of 14 disparate jobs with 3,264 participants, Hunter (1983) showed that g
influenced job knowledge, and job knowledge influenced job performance. Included in the
measures of job performance were work samples and supervisory ratings. This path model
suggested that job knowledge validity is a consequence of g. In a meta-analysis of the validity of
job knowledge tests, Dye, Reck, and McDaniel, (1993) found that the validity generalized across
a broad variety of jobs but was moderated by job complexity. Greater validity was found for
more complex jobs. They also found that the more similar the content of the job knowledge test
to the knowledge required on the job, the more valid the job knowledge test was. Job knowledge
tests in a test battery could be expected to increase its validity beyond the validity offered by g,



especially for complex jobs or if the job knowledge were closely related to the content of the
training or the job performance.

Despite long, common use by the same organization, the relationship of the ASVAB and the
AFOQT has been investigated only once. Sperl, Ree, and Steuck (1992) have shown that the
relationship of all the ASVAB tests and the verbal and mathematical tests of the AFOQT was
due to the common measurement of g. They were unable to investigate the other AFOQT tests
because the available enlisted Air Force participants, on average, scored at or near chance levels
on these tests.

The purpose of the present study was to establish and confirm a factor structure for the
AFOQT and to compare it with the ASVAB. Because the AFOQT and ASVAB differ markedly
in difficulty, no single sample could take both tests (Sperl, Ree, & Steuck, 1992). The current
study was conducted by analyzing AFOQT data on a sample of applicants to officer
commissioning programs, and to compare the AFOQT factors to ASVAB factors confirmed in a
previous study of the ASVAB normative sample (Ree & Carretta, 1994). Implications for the
validity of the AFOQT as a consequence of its factor structure were considered.

METHOD

Participants

The participants, taken from Skinner and Ree (1987), were a random sample of 3,000
applicants for Air Force commissions selected from 126,747 examinees tested between late 1981
and 1985. Eighty-four percent were men, 78% were White, and 91% had completed either high
school or college.

Measures

The AFOQT consists of 16 tests and 5 composites (Table 1). The correlations among these

tests in the sample appear in Table 2. Brief descriptions of the AF OQT tests grouped according
to content are provided below.

Verbal tests. Verbal Analogies (VA) measures ability to reason and recognize relationships
between words. Reading Comprehension (RC) assesses reading skill. Word Knowledge (WK)
provides a measure of ability to understand written language through the use of synonyms.

Quantitative tests. Arithmetic Reasoning (AR) measures understanding of arithmetic
relationships expressed as word problems. Data Interpretation (DI) measures the ability to
extract data from graphs and charts. Math Knowledge (MK) consists of items requiring the use of
mathematical terms, formulas, and relationships.
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Table 1. Composition of AFOQT Aptitude Composites

Composite
Academic Navigator-

Test Abbr.  Verbal Quantitative  Aptitude Pilot  Technical
Verbal Analogies VA X X X
Arithmetic Reasoning AR X X X
Reading Comp. RC X X
Data Interpretation DI X X X
Word Knowledge WK X X
Math Knowledge MK X X X
Mechanical Comp. MC X X
Electrical Maze EM X X
Scale Reading SR X X
Instrument Comp. IC X
Block Counting BC X X
Table Reading TR X X
Aviation Information Al X
Rotated Blocks RB X
General Science GS X
Hidden Figures HF X

Spatial tests. Mechanical Comprehension (MC) assesses understanding of mechanical
functions. Electrical Maze (EM) measures spatial ability based on choice of a path through a
maze. Block Counting (BC) assesses spatial ability through analysis of three-dimensional
representations of a set of blocks. Rotated Blocks (RB) measures spatial aptitude by requiring
mental manipulation and rotation of objects. Hidden Figures (HF) measures spatial ability by
requiring the discovery of simple figures embedded in complex drawings.

Aircrew tests. Instrument Comprehension (IC) assesses the ability to ascertain aircraft
attitude from illustrations of flight instruments. Aviation Information (AI) measures knowledge
of general aviation terminology and concepts. General Science (GS) assesses knowledge and
understanding of scientific terms, concepts, principles, and instruments.

Perceptual speed tests. Scale Reading (SR) measures the ability to read dials and scales.
Table Reading (TR) assess the ability to quickly and accurately extract information from tables.



Procedures

Several models were specified, estimated using maximum likelihood procedures, and fit to
the data (Bentler, 1989, 1990). Model 1 was defined by the operational composites not including
Academic Aptitude, which would have been redundant and would have created a linear
dependency in the data. Model 2 sought to confirm the five-factor structure found by Skinner and
Ree (1987). This model included a verbal factor (VA, RC, WK, GS), a math factor (AR, DI, MK,
SR), a spatial factor (MC, EM, BC, RB, HF), an aircrew factor MC, IC, Al GS), and a
perceptual speed factor (DI, SR, BC, TR).

Model 3 included only a single common factor, psychometric g. All the remaining models
used a hierarchical g factor with residualized lower-order factors (Schmid & Leiman, 1957).
Model 4 was g and the operational composites, while Model 5 was g and the Skinner and Ree
(1987) lower-order factors. Model 6 was a simplification of Model 5 achieved by combining the
spatial and perceptual speed factors. Model 7 combined verbal and math factors to yield a
Vernon-like model (Vernon, 1969) with hierarchical g and residualized lower-order verbal-math
(combined from Skinner & Ree, 1987), spatial-perceptual speed (combined from Skinner & Ree,
1987), and aviation technical knowledge factors.

Several fit statistics and the standardized residuals were evaluated for each model. Marsh,
Balla, and McDonald (1988) have shown that the popular Bentler-Bonnett non-normed index
may be susceptible to sample size effects. They recommend evaluation of the Tucker-Lewis
incremental fit index (TLI). Bentler (1990) has developed the Comparative Fit Index (CFI) based
on the TLI and has shown that it is less dependent on sample size and has a smaller sampling
variance than the TLI. Additionally, the average absolute standardized residual (AASR) from the
residual correlation matrix was computed. Several indexes were used to evaluate models for
goodness-of-fit, including CFI, the model chi-square statistic, Root Mean Square Error of
Approximation (RMSEA) (Browne & Cudeck, 1993), AASR, and parsimony (Ree & Carretta,
1994). The Bentler-Bonnet CFI (Bentler, 1989) was used because it provided an accurate
estimate of fit with low sampling variance. This index is scaled between zero and one, with
higher values indicating better fit. The RMSEA was computed to show deviation of fit per degree
of freedom. Chi-squares and residuals were inspected for each model.

Only nested models could be compared directly. In nested models, the factors in the simpler
model are a subset of the factors in the more complex model. Goodness-of-fit was compared for
the two nested models with the highest CFI (and lowest RMSEA). This was done by subtracting
the model chi-squares (xp* =x,’¥,’) and evaluating with degrees of freedom equal to the
difference in the degrees of freedom for the two model chi-squares. A significant ,,? indicates a
better fit for the model with the greater number of parameters.



RESULTS AND DISCUSSION

The correlations used to estimate the structural models are shown in Table 2. They are all
positive with the lowest correlation (.17) between EM and WK and the highest correlation (.77)
between WK and RC.

All the models were estimated with no problems in parameter estimates. Fit statistics, number
of parameters estimated, and degrees of freedom are shown in Table 3.

The g-only model and the two non-hierarchical models showed relatively poor fit to the data. -
Model 1, which embodied the four operational composites, showed a CFI of .808, an RMSEA of
.136, and an AASR of .196, suggesting a poor fit. Model 2, a five-factor non-hierarchical model,
likewise showed a poor fit with CFI of .741, RMSEA of .154, and AASR of .293.

The single-factor model (Model 3) positing only g showed a relatively poor fit with a CFI of
779, RMSEA of .139, and AASR of .054. Model 4, which had g and factors mimicking the
operational composites, showed a CFI of .949, RMSEA of .078, and AASR of .028, while Model
5 produced a CFI of .957, RMSEA of .071, and AASR of .027. Models 6 and 7 had CFIs of .954
and .947, RMSEAs of .072 and .077, and AASRs of .029 and .027, respectively.

The two models with the highest CFls (and lowest RMSEAs), nested Models 5 and 6, were
compared in a chi-square analysis. Results showed that there was a significantly better fit for
Model 5. In Model 5, the proportion of total variance accounted for by g was 41%. The
residualized lower-order factors accounted for 20% of the total variance as follows: verbal, 7%,
math, 2%, spatial, 3%, aircrew, 5%, and perceptual speed, 3%. The factor loadings for Model 5
are shown in Table 4.

Clearly, most of the fit comes from the g factor. In the g-only model, g accounted for 51% of
the total variance. When the lower-order common factors were added, the fit improved as
expected. In each of the hierarchical models, g accounted for more of the total variance (41%)
than did the sum of the lower-order factors. This was expected (Jensen, 1980). However, ¢
accounted for a smaller proportion of the factor and total variance in the AFOQT (41% of the
total variance) than in the ASVAB (64% of the total variance) (Ree & Carretta, 1994).

In comparison to the ASVAB (Ree & Carretta, 1994), the AFOQT measured a greater
number of factors (Figure 1). The AFOQT provided separate factors for verbal and math instead
of a single verbal-math factor. This may be because the AFOQT has four verbal and four math
tests but ASVAB has only two of each. It should be remembered that a properly determined
factor has at least three indicators.
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Table 3. Fit Statistics for AFOQT Models.

# of Estimated
Model df  Parameters 3y > RMSEA CFI AASR
1 95 41 5250 .808 .196
2 99 37 7052 741 293
3 104 32 6027 139 779 .054
4 79 57 1448 .078 .949 .028
5 83 53 1250 .071 957 .027
6 84 52 1313 .072 954 .029
7 84 52 1509 .077 947 .027
N = 3,000
Table 4. Factor Loadings of the AFOQT for Model 5.

Factor
Perceptual
Test g Verbal Math _ Spatial _Aircrew Speed
VA  .683 460
AR 781 520
RC  .650 617
DI 731 .189 131
WK 532 .690
MK .760 224
MC  .667 224 265
EM 527 273
SR .758 123 .305
IC .588 384
BC 672 328 299
TR  .544 485
Al 437 .766
RB .634 383
GS 618 228 238
HF  .562 151
% Total Variance
41.1 70 23 2.5 5.4 2.7

Note. See Table 1 for definitions of test name abbreviations. The loadings have been residualized so that the effects of the
higher-order factor, g, have been removed from the lower-order factors. Approximately 39% of the variance was due to test-
specific uniqueness and unreliability.
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. Figure 1. The Factor Structure of the AFOQT and the ASVAB

Note. ASVAB has 10 tests including General Science (GS), Arithmetic Reasoning (AR), Word Knowledge (WK), Paragraph
Comprehension (PC), Numerical Operations (NO), Coding Speed (CS), Auto and Shop Information (AS), Mathematics
Knowledge (MK), Mechanical Comprehension (MC), and Electronics Information (ED.
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In the AFOQT there were spatial and aircrew factors not found in ASVAB. There is
nothing comparable to the spatial factor of AFOQT in the ASVAB. However, the aircrew factor
is similar to the technical knowledge factor in the ASVAB (Ree & Carretta, 1994) because both
measure, in large part, acquired job knowledge not necessarily found in the common core of the
usual educational curriculum.

While job knowledge tests are useful for prediction (Dye et al., 1993), if they are too specific,
their predictiveness may be perishable as technology changes. For example, questions found on
earlier versions of the ASVAB could not be used today because their content reflected vanished
technologies such as transformers in audio output circuits and "points" in automobile ignition
systems. In contrast, the AFOQT has generally avoided such specificity by including only items
covering broad areas of knowledge about aircraft. In the long run, general job knowledge test
questions may prove preferable to highly specific job knowledge test questions.

Another issue concerning job knowledge test validity is the potential for trainees without the
knowledge to catch up to those with it, if training includes it and is long enough. Carretta and
Ree (1994a) have pointed out that the job knowledge tests of the AFOQT, Al and IC, are more
valid for early phases of pilot training than for later phases. ASVAB studies across jobs tend not
to show this effect. For example, Ree and Earles (1991) found an average increment for the non-
g portions of the ASVAB of about .02 for predicting early training success. McHenry et al.
(1990) and Ree, Earles, and Teachout (1994) found about the same increment for predicting
measures of job performance collected after several years on the job. It is likely that the
specialized job knowledge tests of the ASVAB contain information that is highly related to only
a few of the many enlisted jobs, and that the knowledge gained in technical training and on the
job is more important to job performance than job knowledge at time of testing. Further, the
longer term effects of predicting with job knowledge tests are unknown. It is not known how
long during a military career job knowledge tests would be valid predictors of performance.

There are four broad changes that might improve the validity of AFOQT. The first would be
to increase the reliability of the tests. The second would be to increase the g-saturation of the
battery. The third would be to increase the proportion of variance attributable to job knowledge.
The fourth would be to incorporate tests that increase the range of valid factors measured.

Increasing Reliability
Increasing the reliability offers little hope of making dramatic changes in the validity of the
AFOQT. The reliability of the AFOQT tests is generally high with a median coefficient alpha of

.80 .id a range of .69 to .92 (Skinner & Ree, 1987). Only highly reliable composites are
operationally used for personnel selection and classification (see Table 1).
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Increasing g-Saturation

Ree and Earles (1994) reported that the correlation between the g-saturation of a test and its
average validity was .96 (see also Jensen, 1980). Therefore, if g-saturation is increased, an
increase in validity is predicted. An increase in the g-saturation of the AFOQT could be
accomplished by removing tests low in g and replacing them with tests high in g. There are at
least three ways in which this could be accomplished. The first, and perhaps least desirable way,
would be to include content that is dependent on discretionary activities in which all do not
participate. These discretionary activities might be hunting, fishing, cosmetics, or various sports.
Other sources of content could be current events, but this has proven to be perishable in former -
versions of the ASVAB. For example, general knowledge tests have been used on both the
AFOQT and the ASVAB and have been abandoned because the knowledge proved not to be as
general as believed and certain group mean differences were unacceptable.

The second way to increase g-saturation would be to use tests that reflect content common to
all educational curricula. These are content areas that all examinees will have studied at least to
some extent. Examples include verbal reasoning, word knowledge, reading skill, mathematical
reasoning, and mathematical knowledge. Tests like these are already in the AFOQT, but
additional similar tests could be added.

A third way to increase g-saturation would be to add tests that do not depend on learned
content, such as Raven's Matrices (1966) or elementary cognitive tasks. Kranzler and Jensen
(1991), Kyllonen (1993), and Kyllonen and Christal (1990) have demonstrated that elementary
cognitive tasks measure g as well as paper-and-pencil tests and can be developed with no learned
content. Further, analyses of batteries of elementary cognitive tasks show that g accounts for
more of the variance among the intercorrelations than in paper-and-pencil multiple aptitude
batteries.

Adding Job Knowledge Tests

Adding job knowledge tests is the third method to increase the validity of the AFOQT.
Currently, only AI and IC can reasonably be considered as job knowledge tests. Olea and Ree
(1994) examined the validity and incremental validity of measures of &, specific abilities (e.g.,
verbal, spatial), and specific knowledge (i.e., pilot job knowledge) from the AFOQT for
predicting several pilot criteria including training performance grades and flying-work samples.
They observed that most of the predictive utility came from g and that specific abilities added
little incremental validity beyond g. Most of the incremental validity to g in the AFOQT came
from the pilot job knowledge tests (Al and IC). These tests would not be considered job
knowledge tests for other occupations in which officers serve. It may be suggested that job
knowledge tests that were not job specific, but job-family specific, might be useful. No research
specifically in this area has been reported.
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The strategy of including job knowledge tests for each Air Force officer job is problematic.
There are numerous technical training courses in which officers enroll. To add a test for each
training course to the AFOQT is impractical. A solution might be to develop a battery that is
adaptive among tests, administering only those relevant to a particular course. This brings,
among others, problems for producing equivalent forms of the battery. Regardless of how many
individuals are administered a particular test, it must be equated, validated, and examined for
bias. Further, keeping job knowledge tests current is expensive and time consuming. Dye et al.
(1993) showed that job knowledge tests achieve maximum validity when the content is most
similar to job content. This potentially requires that job knowledge test content be updated
frequently. An additional complication is possible adverse impact, because all sex and ethnic
groups are not expected to have acquired the same level of job knowledge prior to application.

Adding Valid Factors

Increasing the number of valid factors measured by the AFOQT would be the fourth method
to improve its validity. Numerous studies have shown g to be the ubiquitous predictor of job and
training performance (Hunter & Hunter, 1984; McHenry et al., 1990; Olea & Ree, 1994; Ree &
Earles, 1991, 1992, 1993; Ree, Earles, & Teachout, 1994; Schmidt, Hunter, & Peariman, 1981).
Hunter and Hunter have shown that for certain jobs, psychomotor skills are predictive and
Carretta and Ree (1994b) have shown that psychomotor skills are predictive of pilot training
success. Likewise, Tett, Jackson, and Rothstein (1991) and Mount and Barrick (1991) have
demonstrated the generalizable validity of personality measures. McHenry et al. (1990) have
shown the incremental predictive validity of temperament/personality (shown in parentheses are
validity for g versus validity for g and temperament/personality) for specific criteria such as
effort and leadership (.31 to .42), personal discipline (.16 to .35), and physical fitness and
military bearing (.20 to .41). Combining measures of psychomotor skills and
temperament/personality with all or part of the AFOQT could improve validity.

CONCLUSIONS

The AFOQT is comprised of five lower-order factors: verbal, math, spatial, aircrew, and
perceptual speed. These accounted for 20% of the total variance, and g in hierarchical position
accounted for 41% of the total variance. Compared with the ASVAB, the AFOQT was less g-
saturated but had more common factors and had a greater proportion of its variance associated
with common factors. Four methods of increasing the validity of the AFOQT were proposed and
discussed. These methods were: increasing reliability of the tests, increasing g-saturation, adding
job knowledge tests, and adding additional valid factors. Future forms of the AFOQT could be
built around a core of g-saturated tests, with a block of job knowledge tests, psychomotor tests,
and measures of temperament/personality (Carretta & Ree, 1994b).
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